Abstract: Ethiopia is the homeland and center of genetic diversity of Arabica coffee (Coffea arabica L., Rubiaceae
INTRODUCTION
Coffee (Coffea arabica L.) belongs to the genus Coffea, in the family of Rubiaceae, and is mostly grown in the tropical and subtropical regions (Berthaud & Charrier 1988) . Arabica coffee is grown in about 80 countries spanning over 10.2 million hectares of land in the tropical and subtropical regions of the world, especially in Africa, Asia and Latin America. Coffee is known to be one of the most important beverages in the world. It has a current estimated value of US$10 billion and is one of the most traded commodities second in value only to oil and a huge contributor of foreign exchange earnings for developing countries (Labouisse et al., 2008) . More than 125 million people in the coffee growing areas worldwide derive their income directly or indirectly from its products in cultivation, processing, trading, transportation and marketing (Lashermes et al., 2011) . Arabica coffee (Coffea arabica) is one of the world's most valuable agricultural commodities which accounts for two-thirds of the global coffee market (Labouisse et al., 2008) and it ranks second after oil in international trade (Geromel et al., 2006) . Ethiopia is producing an estimated 9.8 million bags that would rank the country as the third largest coffee producer in the world after Brazil and Vietnam, beating out Colombia (ICO, 2012) and the fifth major exporter of Arabica coffee globally next to Brazil, Vietnam, Colombia and Indonesia and the highest producer of coffee in all of African country (Davis et al., 2012) . Currently it contributes about 30 present of the country's foreign currency earnings. More than 15 million people directly or indirectly depend on coffee value chain for their income and employment. About 35% of the total production is consumed within the producing areas (Chauhan et al., 2015) and in general, over 50% of the coffee produced is consumed within Ethiopia (Bart et al., 2014) . The crop is mainly produced in the Southern, South Western and Eastern parts of the country. The total area coverage of coffee in Ethiopia is estimated to be around 800,000 ha, of which about 95% is produced by 4 million small scale farmers (Berhanu et al., 2015) ; whereas the estimated annual national production of coffee is about 419, 980.20 tons. Ethiopia is the homeland and center of genetic diversity of Arabica coffee (Coffea arabica L., Rubiaceae) (Vavilov 1951) .The entire genetic diversity of indigenous (wild) Arabica coffee is confined mainly in the afromontane rain forest located in the west and east of Great Rift Valley (Taye and Jurgen, 2008) . Different research findings illustrate the importance of the Ethiopian coffee genetic materials in breeding programs for high productivity and disease resistance (Labouisse et al., 2008; Adugna, 2005) . Ethiopian C. arabica accessions were used as parents and crossed with commercial varieties to obtain strong hybrid vigor, resulting in over 34% higher productivity of the F1 hybrids in full sun in Central America (Bertrand et al., 2011) .
In Eastern Africa, the outbreak of the coffee berry disease in the 1970s and 1980s larger damage were caused. In Ethiopia the disease does not affect coffee production significantly, chiefly due to the availability of high genetic diversity which enabled to develop cultivars resistant to the disease in a very short time using materials from the wild coffee gene pool (Mesfin and Bayetta 1984). Hence, there is no doubt that the existence of a gene pool with wide genetic variability can safeguard coffee production from dangers posed by possible disease outbreaks and environmental stresses.
GENETIC DIVERSITY IN COFFEE ARABICA
Variability is the occurrence of differences among individuals due to differences in their genetic composition and/or the environment in which they are raised (Allard, 1960) . Genetic variability, which is due to the genetic differences among individuals within a population, is the core of plant breeding because proper management of diversity can produce permanent gain in the performance of plant and can buffer against seasonal fluctuations (Sharma, 1998) . These genetic variations can be enumerated at three levels: species, populations and individual levels. Since Ethiopia is the only centers of origin and diversifications of Coffea arabica, there is a high genetic diversity, which is mainly attributed to its diverse ecological features such as suitable altitude, ample rainfall, optimum temperature, fertile soils etc. and the presence of indigenous methods of coffee production system in the country (Yeshitila et al., 2004; Gole et al., 2001 ). More genetically diverse strains of C. Arabica exist in Ethiopia than anywhere else in the world, which has lead botanists and scientists to consent that Ethiopia is the center for origin, diversification and dissemination of the coffee plant (Mekuria et al., 2004) . Several phenotypic and molecular studies revealed that the populations of C. arabica from the southwestern part of Ethiopia have high genetic variability, and the forests there are thus suitable for in situ conservation of the species. For example, Sylvian (1958) and Meyer (1968) observed a high diversity of several phenotypic characters among the Ethiopian coffee populations. Montagnon and Bouharmont (1996) (Lashermes et al., 1996) and also by a multivariate analysis of phenotypic characters (Montagnon & Bouharmont, 1996) In this perspective it would appear that the coffee cultivated in Yemenfrom where almost all cultivated C. arabica derive, had its origin in Ethiopia east of the Rift Valley (Van der Vossen, 2001)
MARKERS USED FOR DETECTING GENETIC DIVERSITY

Morphological Marker
Morphological characteristics were among the earliest genetic markers used for assessment of variation and are still of great importance. Usually, these characters are inexpensive and simple to score. The sharing of physical features is also often accepted as an indication of relatedness. There are several sets of physical character assessment for different crops at different developmental stages such as seed, juvenile, adult vegetative, flower and fruit. However, these sets of characters lack adequate coverage of the genome, are strongly influenced by environmental factors, and are apparently controlled by several genes (Wang & Tanksley, 1989) . Besides, assessment of morphological characters in perennial plants such as coffee, often require a lengthy and expensive evaluation during the whole vegetative growth. Morphological markers are cheap and easy to apply; they are sensitive to environmental influences and developmental stage of the plant. Different scholars reported that although agro-morphological characters are often influenced by environmental conditions, the method is still useful and easy to apply for classification, estimating diversity and registration of cultivars. Sylvain (1955) classified Ethiopian cultivated coffee into 13 main types namely, Agaro, Arbagugu, Cioiccie, Coulo, Dilla, Ennarea, Harar, Irgalem, Keffa, Tafari Kela, Wolkite, Wollamo and Zeghie using only bean and fruit morphology. Montagnon and Bouharmont (1996) classified wild and cultivated coffee genotypes from Ethiopia according to their geographic origin using 18 agromorphological traits. The FAO coffee collection team has observed phenotypic variation in branching habit, young leaf colour, fruit colour, persistence of sepals, leaf and fruit size. Ameha (1986) observed growth habit variation such as compact and spreading type genotypes from national coffee collections. Likewise, Selvakumar and Sreenivasan (1989) observed phenotypic variation among 54 coffee accessions collected from Keffa province of Ethiopia. In coffee, it is important to identify the most suitable age of a tree when characters can be measured easily and with utmost accuracy because coffee is a perennial crop. Walyaro (1983) reported that characters such as tree height, girth of the stem, internode length measured on the main stem and primaries and radius of canopy can be accurately determined using a single measurement even on young trees, 18 months after field planting. Genetic studies in arabica coffee have shown that selection efficiency for higher bean yield can be increased by taking into account various growth parameters and yield components, such as stem girth, canopy radius, percentage of bearing primaries, percentage of bearing nodes and number of berries per node (Van der Vossen, 1985).
Molecular Marker
Molecular markers have been replacing or complementing traditional morphological and agronomic characterization, since they are virtually unlimited, cover the whole genome, are not influenced by the environment, and less time consuming. Each molecular marker has its advantages and drawbacks. Application of molecular marker techniques to diversity questions must take into account whether or not the data derived from a technique provide the right type of information for answering the question being addressed (Karp et al., 1997) . The choice of appropriate molecular markers depends on the taxonomic levels of the material being studied (different species, subspecies, populations, cultivars and individuals). The closer the relationship of the materials to be studied, the more necessary it may be to consider highly discriminatory techniques. Besides, the choice of appropriate molecular markers also depends on the accessibility and cost effectiveness of the marker techniques.
Knowledge of genetic diversity within and among genotypes of any crop is fundamental for estimation of the potential genetic gain in a breeding program and effective conservation of available genetic resources. Currently, different molecular marker techniques are being developed for measuring genetic diversity. Comparison among molecular marker techniques is important for effective marker selection. However such types of efforts are rare for arabica coffee. Forest coffee populations in Ethiopia to determine the extent and distribution of its genetic diversity using PCR based DNA marker techniques such as random amplified polymorphic DNA (RAPD), inverse sequence-tagged repeat (ISTR), inter-simple sequence repeats (ISSR) and simple sequence repeat (SSR) or microsatellites (Powell et al., 1996) . These molecular marker techniques are relatively simple and cost effective that can screen a larger portion of the genome, and are thus promising marker types for the identification of variation among the forest coffee samples collected from Ethiopia. In coffee, DNA-based molecular marker technology has already been implemented in germplasm characterization and management, detecting genetically divergent breeding subpopulations (for example to predict hybrid vigour), establishing gene introgression from related species and molecular marker-assisted selection (Lashermes et al., 1996) . However, the molecular phylogeny of Coffea species has been established using DNA sequence data. The molecular markers have revealed an extremely reduced genetic diversity in Coffea arabica L. in comparison to C. canephora (Etienne et al., 2002) .
Random Amplified Polymorphic DNA (RAPD)
RAPD (randomly amplified polymorphic DNA) markers generated by arbitary decamers have been successfully employed to detect genetic polymorphisms between coffee species and between Coffea arabica genotypes. The RAPD profiles were used to construct dendrograms and these were consistent with the known history and evolution of Coffea arabica. Material originating from Ethiopia and the arabica sub-groups C. arabica var. typica and C. arabica var. bourbon were clearly distinguished. RAPD analysis therefore reflects morphological differences between the sub-groups and the geographical origin of the coffee material. Orozco-Castillo et al. (1994) demonstrates the power of the polymerase chain reaction technology for the generation of genetic markers for long-lived perennial tree and bush crops.
Amplified Fragment Length Polymorphism (AFLP)
Amplified fragment length polymorphisms are DNA fragments obtained from endonuclease restriction, followed by ligation of oligonucleotide adapters to the fragments and selective amplification by the polymerase chain reaction (PCR). Pearl et al. (2004) used AFLPs to construct a genetic linkage map on a pseudo-F2 population of arabica coffee (Coffea arabica L.) derived from a cross between the cultivars Mokka hybrid and Catimor. Sixty trees from this population were selected on the basis of plant height distribution to construct a linkage map. A total of 456 dominant markers and eight co-dominant markers were generated from 288 AFLP primer combinations. Of the total number of markers generated, 68% were from cv. Catimor, 30% from cv. Mokka hybrid, and 2% were co-dominant. This distribution suggests that the heterozygosity within the cv. Catimor subgenomes was twice that within the cv. Mokka hybrid sub-genomes. Linkage groups were constructed using MAPMAKER version 3.0, resulting in 16 major linkage groups containing 4-21 markers, and 15 small linkage groups consisting of 2-3 linked markers each. The total length of the map was 1,802.8 cM, with an average distance of 10.2 cM between adjacent markers. This genetic map will serve as the framework for mapping QTL controlling source-sink traits in the same population.
Simple Sequence Repeat SSR and ISSR
About 22 SSR fragments were amplified and compared with 712 amplified AFLP fragments. AFLP and SSR markers were positively and significantly correlated (0.217) in estimating genetic similarity among genotypes (Dessalegn et al., 2009 ). The average genetic similarity coefficient calculated using SSR markers was much lower (0.560 with a range of 0.286-1.000) compared to AFLP markers (0.915 with a range of 0.860-0.982) indicating the higher information content of SSR markers. AFLP markers distinguished all genotypes, while SSR markers distinguished 64.3% of the genotypes. Dessalegn et al. (2009) indicated that AFLP markers were more efficient compared to SSR markers for characterization of the evaluated coffee genotypes. Molecular markers provide the best estimate of genetic diversity since they are independent of the confounding effects of environmental factors (Powell et al., 1995) . The use of molecular markers of the SSR and ISSR types in the study of diversity was efficient in carrying out the molecular characterization of coffee genotypes between and within C. arabica and C. canephora. Motta et al. (2014) reported that microsatellites markers were efficient in estimating the genetic similarity and could be used to increase the efficiency in classifying the materials and selecting the candidates for parental crosses.
INDICATORS OF ARABICA COFFEE GENETIC DIVERSITY
Phenotypic and Genotypic Variation
Naturally occurring genetic variability is useful in any plant breeding program. It is the amount of the total genotypic and phenotypic variability that exists in a crop germplasm dictates the initiation of crop improvement programs and develops better varieties. Of the total variability present in a population the genetic component is most important to the breeder as it could be transmitted to the progeny. In addition, proper management of this type of variability can produce permanent gain in the performance of the crop concerned (Mayo, 1980 and Welsh, 1990 ). In Ethiopia the geographic allocation of coffee within its homeland is good indication for the existence of genetic variation within a population. Variability in coffee Arabica has been reported to exist in different locality, where the crop is grown. Different cultivars have been distinguished on the basis of morphological (plant height, branching habit, leaf colour, leaf shape interenode length bean size, stem girh etc). Wide range of variability with respect to these characters has been observed for different accessions. Such traits of variability have been enabled Ethiopian coffee breeders in screening of selected coffee berry diseases resistant varieties and heterotic hybrid cultivars through crossing (Mesfin and Bayeta, 1987).
There are different Arabica coffee cultivars and landraces with desirable traits (yield, quality, disease resistance, drought stress tolerance, etc). The local coffee landraces are known by vernacular names and growth characteristics in the different localities. According to Yacob et al. (1996) , they are broadly grouped into three canopy classes of open, intermediate and compact types. These arabica coffee species could be bourbon or typical cultivars as they are quite different in shoot and root growth systems as well as adaptation to specific site and respond to management inputs. They also vary in frequency of occurrence along rainfall gradients and soil profile depths (Taye et al., 2004) , indicating the existing variability among the cultivated coffee landraces in their adaptation strategies under specific environments. Arabica coffee cultivars with open and compact crown habits were found to escape soil moisture stress through deeper and shallow root distribution as well as leaf shedding and rolling, respectively. Moreover, research findings (Kufa 2006; Beining 2008 ) also reveal the presence of significant diversity in drought adaptation and avoidance mechanisms among the wild coffee populations in Ethiopia.
The heritability of an agro-morphological character indicates the importance of a particular character for characterization of genotypes. Walyaro (1983) reported high narrow sense heritability for the following characters: girth (0.50-0.61), tree height (0.77-0.78), number of primaries (0.58-0.62), angle of primary with the main stem (0.56-0.62), canopy radius (0.44-0.50), internode length on primaries (0.51-0.63) and bearing primaries (0.51-0.53). Several correlation studies indicated that the quantitative characters like number of stem nodes, primary branches, plant height, length of the longest primary branch and stem diameter etc. have positive and negative correlation with yield and such traits could be used as a selection criterion for improving the productivity of the crop since they represent the lion's share in the variability of the coffee population in the specified area (Gessese et al., 2015) .
Combining Ability in Arabica Coffee
The GCA and SCA of five indigenous coffee (Coffea arabica L.) lines namely 75227, 744, 74148, F34 and 206/71 from south western coffee growing areas of the country is significant for yield, growth parameters, leaf, fruit and bean characters (Ayano et al., 2014) . These indicate both additive and non-additive gene actions are involved in the inheritance of these traits. However, the relative contribution of SCA was 70% for yield indicating the predominance of non-additive gene action for inheritance of this important trait. For the fruit and bean traits the relative contribution of GCA suggested predominance of additive gene action. Parental line P4 showed good combining ability for three growth characters (stem girth, length of first primary branch and internode length) showing significant and positive GCA effects and this parent may contribute favorable alleles for the synthesis of vigorous hybrids. Cross combinations 75227xP5, 744x F34, 744x206/71 and 74148x206/71 showed positive and significant SCA effects for plant height. Cross combinations 74148x206/71, 75227x206/71, 744xP5, 744x F34 and 74148x F34 were good combinations for yield. On the other hand, only cross combinations 75227x74148 expressed negative SCA effects for yield which is undesirable as these cross showed a tendency to reduce yield performance (Ayano et al., 2014) . For hundred bean weight, 75227x206/71, 74148x F34 and 744x206/71 were also good combiners. In general, the predominance of SCA sum of squares to GCA sum of squares indicated the relative importance of non-additive gene action for yield (Ayano et al., 2014 ; Bayeta, 1997) indicated the importance of additive and non-additive gene actions; non-additive being dominant.
Existence of Heterosis in Coffee Arabica
One of the ways to increase coffee production in Ethiopia is by the development of high yielding hybrids. To this effect, hybrid coffee variety development program in Ethiopia started since 1978 with hybrid vigour study. Since then, studies conducted on several sets of crosses consistently show the presence of considerable amount of heterosis in crosses among indigenous cultivars and possibility to improve coffee yield in Ethiopia through hybridization, which are originally collected from similar or different regions (Bayetta 2001 and Wasu 2004). From 1997 -2002, three coffee hybrids; namely, Ababuna, MCH 2 and Gawe were released. These hybrids give 24-26 Q/ha clean coffee in medium altitude coffee growing areas of South West Ethiopia; where as the best check and parent Dessu gave 18.2 Q/ha (Bayeta et al., 1998) . However, Brazilian reported that absence heterosis in arabica coffee due to limited genetic diversity in Brazil. For example heterosis in percentage over the mid-parent (OMP) and better parent (OBP) for some seedling characteristics in coffee Arabica is indicated in the following table (1) .
Achievements Made
The Jimma Research Center has released 26 coffee varieties (23 pure lines and 3 hybrids), which are high yielding, resistant to diseases, and possess unique inherent quality attributes of each locality. Recently, 12 pure line specialty coffee varieties (Wellega = 4, Sidamo/Yirgacheffe = 3, and Harar = 4) have been identified and proposed respectively from Gimbi, Yirgacheffe/Sidamo and Harar coffee populations, which make a total of 37 improved coffee varieties in the country as summarized in table(2) (Kufa, 2010). Additionally about three hybrid coffee variety is approved by variety release committee and recommended for low and midland agro ecologies of south west Ethiopia. In general the achievements made were the result of genetic diversity within different agro ecologies of the country. 
SUMMARY AND CONCLUSION
Coffee (Coffea arabica L.) belongs to the genus Coffea, in the family of Rubiaceae, and is mostly grown in the tropical and subtropical regions Ethiopia is the homeland and center of genetic diversity of Arabica coffee (Coffea arabica L., Rubiaceae). The entire genetic diversity of indigenous (wild) Arabica coffee is confined mainly in the afromontane rain forest located in the west and east of Great Rift Valley. More genetically diverse strains of C. Arabica exist in Ethiopia than anywhere else in the world, which has lead botanists and scientists to consent that Ethiopia is the center for origin, diversification and dissemination of the coffee plant. Several phenotypic and molecular studies revealed that the populations of C. arabica from the southwestern part of Ethiopia have high genetic variability, and the forests there are thus suitable for in situ conservation of the species.
The two broad categories of marker are used to detect genetic diversity in coffee Arabica; those are morphological marker and molecular markers (DNA based markers) such as RAPD, AFLP, SSR, ISSR and etc. Higher level of genetic variability with both markers was observed and reported by different scholars among spontaneous and sub spontaneous accessions of this species collected from different agro ecologies Ethiopia. For example Ethiopian cultivated coffee can be classified into 13 main types namely, Agaro, Arbagugu, Cioiccie, Coulo, Dilla, Ennarea, Harar, Irgalem, Keffa, Tafari Kela, Wolkite, Wollamo and Zeghie using only bean and fruit morphology. It can also be classified into wild and cultivated coffee. Molecular markers have been replacing or complementing traditional morphological and agronomic characterization, since they are virtually unlimited, cover the whole genome, are not influenced by the environment, and less time consuming. However, each molecular marker has its advantages and drawbacks.
The major indicators of Arabica coffee genetic diversity in Ethiopia is the achievements made by agricultural research like, ensuring the availability of heterosis in coffee, releasing resistant varieties to CBD, phenotypic and genotypic variability existence study by many researchers and etc are the main contribution to indicate coffee genetic diversity within different agro ecologies of Ethiopia.
